The assessment of nature of gene effect for yield and its contributing traits and detection of epistasis in wheat was studied in five crosses involving seven parents through generation mean analysis. Scaling test and joint scaling test were showed significant for almost traits all crosses. Additive gene effects (d) were positively significant for days to maturity and tillers per plant in cross II; for seed per plant in cross IV. Dominance gene effects (h) were highly significant for days to 75% heading in cross II, III and IV; for days to maturity and grains per spike in cross II, for grain yield per plant and grains per spike in cross I. Additive x additive type of gene (i) were positive significant effect for days to 75% heading in cross II, III and IV; for days to maturity in cross II and grains per spike in crosses I, II; for 1000 grain weight in cross II and IV; for grain yield per plant in cross I. Additive x dominance type of gene effect (j) was positive significant for days to 75% heading in cross III; for days to maturity in cross II and III; for plant height in cross III; tillers per plant in cross II; for grain per spike and seed per plant in cross III and grain yield in cross IV. Dominance x dominance effect (l) were positively significant for days to 75% heading, plant height in cross I; for plant height in cross III, IV and V; for tillers per plant in cross II and for grains per spike in cross IV and V; seed per plant, grain yield in cross IV. Therefore, it has been suggested that selection of studied characters based on different gene action of generation mean to be used further crop improvement through ideal breeding programme.
Introduction
Wheat is one of the most important food grain crops of the world including India, which belong to the family poaceae and genera triticum. The breeders are concentrating to improve the yield potential of wheat by developing new varieties/new genotypes with desirable genetic makeup in order to overcome the consumption pressure of ever increasing population (Memon et. al., 2007) . Grain yield in wheat is a complex character determined by several traits; therefore, direct selection may not be effective. Yield potential of wheat can be enhance through indirect selection of its contributing traits. Increase in one component trait might have positive or negative effect on other components trait (Chandra et. al., 2004) .
The selection of desirable genotypes and choice of breeding procedures for genetic improvement of any crop is largely dependent on the knowledge of type and relative amount of genetic components and the presence of non-allelic inter-action for different characters in the genetic materials under investigations. Generation mean analysis belongs to the biometric methods based on the measurements of phenotypic performances for different quantitative traits of different breeding population (Parental, F 1 s, back cross and segregation generations). This is one of the most important technique used in plant breeding for estimating main gene effects (additive and dominance) and their interactions (additive x additive, additive x dominance, dominance x dominance) provided the pattern inheritance of yield and other plant associated characters. In the earlier study, Gamble (1962) clearly indicated the role of epistatic gene action (both additive and dominance gene action) in controlling the inheritance of yield and yield associated traits in different crops. Cavalli (1952) reported that accuracy of gene effect increases with increasing number of segregating generation and number of observational plants.
The knowledge on nature and magnitude of fixable and non-fixable type of gene effects in the control of components of yield is highly essential in order to achieve the genetic improvement in this crop. Besides, gene effects, breeders would also like to know how much of the variation in a crop is genetic and to what extent this variation is heritable, because efficiency of selection mainly depends on additive genetic variance influence of the environment and interaction between genotype and environment (Novoselovic et. al., 2004) .
Materials and methods
A field experiments were conducted at the Experimental Farm of Janta Vedic College, Baraut Baghpat (UP), during successive wheat crop season. Seven bread wheat genotypes were used 207 DOI: 10.5958/0975-928X.2017.00030.8 as parents for attempting the cross combinations. In first growing season, the parental genotypes were intercrossed to produce five F 1 s cross combinations. The crosses were designated as follows:-Cross I-DBW14 / HUW 468, Cross II-DL788-2/ PBW 502, Cross III-DBW14/HUW533, Cross IV-GW 273/HUW468, Cross V-PBW443/HUW533. The F 1 generations of all above five combinations were advanced at Lahaul & Spiti (HP) during summer season 2005-06. In addition, the backs cross populations (BC 1 and BC 2 ) of each combination were also obtained at summer nursery 2006. The six populations, i.e. P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 of the five wheat crosses were grown during the third season 2006-07 in a randomized complete blocks design with three replicates in a two row for parents and F 1 , 4 row for F 2 generation, one row for each back cross 2.5 m long were planted. Ten plants were selected at random from P 1 , P 2 , F 1 , BC 1 , BC 2 and 60 plants from each F 2 generation in each replication to record the data on individual plant basis for the plant traits viz. days to75 % heading, days to maturity, plant height, tiller/plant, spike length, grain/spike, grain wt/ spike, seed/ plant, 1000 grain weight and grain yield. All recommended cultural practices were following to raise a normal healthy crop.
The mean value of each generation for each character was subjected to standard statistical analysis to test the difference among various generations studied as per standard procedures (Panse and Sukhatme 1985) . Scaling test was used to check the adequacy of the additive-dominance model for different traits in each cross (Hayman and Mather 1955) . The significance of any one of these scales was taken to indicate the presence of epistasis i.e. non-allelic interaction. In the presence of non-allelic interaction, various gene effects were estimated using 6 parameter model (Hayman, 1958) . Cavalli (1952) devised the method "joint scaling test" which includes any combination of families at a time. The "un weighted least square method" developed by Nelder (1960) and Hayman (1960) was followed to estimate the parameters: (m), (d) and (h). Here the weights are defined as the reciprocal of standard error. From these estimates, the expected generation means were calculated and compared with observed generation mean values using a Chi square test. A significant Chi square value indicates that model is not adequate and the non-allelic interactions are to be added in model. Expected means of all the generation were computed using the estimates of parameters from observed and expected value of each generation, the value of chi-square was calculated. When the Chi square value was with the acceptable probability limit (0.05) the model was considered as adequate. Further, analysis of data was performed following six-parameter model (Hayman, 1958) . At least, six generations are required for estimation of six parameters (m), (d), (i), (j) and (l). These were provided by the mean values of parents, F 1 , F 2 , B 1 and B 2 generations. Based on the direction of "h" and "l", we can classify the interaction as complementary or duplicate (Hayman and Mather, 1955) as stated "h" and "l" have same sign=complementary epistasis. "h" and "l" have different sign=duplicate epistasis. Complete dominance is indicated when potence ratio is equal to (+1) or (-1). Partial dominance is the case, when ratio between (+1) and (-1). Overdominance indicated if ratio exceeds (± 1).
Results and discussion
In fact of breeding programme, the efficiency of selection is largely depend upon the magnitude of genetic variability present in the plant population (Amin 2013) . The values of potence ratio (Table 1) , ranged from less than one (0.00) for tillers per plant in cross I and II, for spike length in cross II to more than one (112) for grain yield per plant in cross II, indicating the presence of over dominance and partial dominance respectively, for all the studied traits in all the five cross combinations. Data of mean of six populations (P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 ) for yield and yield contributing traits are presented in Table- 3. The results of generation mean for all the studied traits in all the five cross combinations showed significant difference among all six generation, indicating the existence of sufficient amount of genetic variability for these traits in the studied material. The mean values of F 1 population was higher than the respective parents for five traits namely days to maturity, tillers per plant, spike length seeds per plant, grain yield per plant in cross I and II; for three traits namely days to maturity, tillers per plant, spike length in cross III; for four traits plant height, tillers per plant, spike length, seed per plant in cross IV and for two traits days to maturity and spike length in cross V. The superior performance of F 1 population over the parents for mean value was also reported by (Rahman and Hammad, 2009 and Zaazaa et al., 2012) . The mean value of the F 2 population was also higher than their better parent for four traits plant height, tillers per plant, spike length and seed per plant in cross I, II and III; for grain yield per plant in cross I and II; for days to 75% heading in cross I; for tillers per plant in cross IV and for spike length in cross V. The mean value of BC 2 population was higher than BC 1 population in all the five cross combinations for almost all the studied traits, indicating existence of appreciable amount of genetic variability for these character in the corresponding crosses.
Significant results of scaling tests parameters indicate inadequacy of the additive-dominance model to interpret the gene effects involved in the materials investigated (Mather and Jinks 1982) . The Scaling test (A, B, C, D) and joint scaling test for five wheat cross combinations presented in Table 2. 208 DOI: 10.5958/0975-928X.2017.00030.8
The scaling test for all studied traits in the five crosses were statistically significant except days to 75% heading, days to maturity, 1000-grain weight and grain yield per plant in cross V; for tillers per plant in cross III, IV, cross V; for spike length and grain weight per spike in all five crosses showed non-significant of scaling test and also chi-square value of joint scaling test also indicated the six parameter model is valid to explain the nature of gene action for concerned traits. Meanwhile, A, B, or C, D scaling test were non-significant ones. Indicating the interactive model failed to explain the type of gene action in this case. These results are similar to the earlier results reported by (Zaazaa et al., 2012) and (Said, 2014) for grain per spike, tiller per plant and grain yield per plant and (Moussa, 2010) for days to 75% heading, days to maturity and plant height, seed per plant and 1000 grain weight by (Magda, 2013) and (Lal et al., 2013) .
Estimates of the six parameters i.e. additive (d), dominance (h), additive x additive (i), additive x dominance (j) and dominance x dominance (l) and F 2 mean (m) are presented in Table 3 . The results indicated that the mean effect (m) were highly significant for all studied traits in all five wheat crosses, indicating that these characters are quantitatively inherited. The value of additive gene effects (d) were positive significant for days to maturity and tillers per plant in the cross II; for tillers per plant in cross I, for seed per plant in the IV cross. The present results indicated that selection could be effective for these traits in early generations. Meanwhile, the negative significant value were reported for grain yield per plant in all crosses except cross II; for days to 75% heading in all five crosses; days to maturity in the cross I; for plant height in the cross V; grains per spike in the cross I and II; for seeds per plant and 1000 grain weight in the cross V and cross IV respectively. These results indicated that the breeding materials used in this study have decreasing alleles for these traits and selection to improve it could be effective except for plant height if shorter cultivars are desired ( Lal et al., 2013) . With regard to the dominance gene effect (h) were found to be positive and highly significant for days to 75% heading in cross II, III and IV; days to maturity and grains per spike in cross II, for grain yield per plant and grains per spike in cross I. These results indicated the presence of dominance gene effect in the inheritance of these characters. The negative values of (h) were recorded for plant height and seed per plant in the all five crosses; for days to 75% heading and 1000 grain weight in cross I; tillers per plant and grain yield per plant in cross II; grains per spike in cross V and for grain yield per plant in cross IV. These results indicated that the dominance gene action is responsible for the inheritance of these traits. The similar results were also reported by (Khattab et al., 2010) and (Lal et al., 2013) . With respect to additive x additive type of gene effect (i) positive significant to positive highly significant effect were detected for days to 75% heading in cross II, III and IV; for days to maturity in cross II therefore, early generation selection for these traits might be effective for improvement of wheat crop. Positive significant value of gene effect (i) were recorded for grains per spike in cross I and II; for 1000 grain weight in cross II and IV; for grain yield per plant in cross I. Similar results to the present study were earlier reported by (Koumber, 2012) and (Zaazaa et al., 2012) . Positive and significant values of additive x dominance type of gene effect (j) was recorded for days to 75% heading in cross III; for days to maturity in cross II and III; for plant height in cross III; for tillers per plant in cross II; for grain per spike and seed per plant in cross III and grain yield per plant in cross IV. However, the negative sign of interaction in same cases also suggested dispersion of gene in the parents. Similar findings have been reported by (Novoselovic et al., 2004) and (Said, 2014) for grain yield per plant and (Rahman and Hammad, 2009) for grains per spike and other traits. Concerning the type of dominance x dominance (l) positively significant effect were observed for days to 75% heading, plant height in cross I; for plant height in cross III, IV and V; for tillers per plant in cross II; for grains per spike in cross IV and V; seed per plant, grain yield per plant in cross IV. Positive and significant results confirm the importance of dominance x dominance gene interaction in the genetic system which controls these characters. Negative and significant value were recorded for days to 75 % heading in cross II, III and IV; for days to maturity in cross II and IV; for grains per spike in all crosses except cross IV and V; seed per plant and grain yield per plant in cross I and for seed per plant in cross III. These results suggest the scope of heterosis breeding for the development of superior populations. The above results are conformity with the finding of (Zaazaa et al., 2012) and (Said, 2014) .
The genetically analysis based on present investigation revealed that both additive and nonadditive components of genetic variance were important. All the characters for remaining crosses under study were under the control of both additive and dominance gene effects for most of the crosses. All the three epistatic effect viz., additive x additive (i), additive x dominance (j) and dominance x dominance (l) type of epistasis, six parameter models was found adequate. The presence of predominant non additive gene action and linkage biasness would indicates the maintenance of heterozygosity in the population where breeders suggest biparental mating followed by recurrent selection may enhance the rate of genetic improvement for the concerns traits in wheat crop. Whenever, traits is reflecting by both additive and non additive gene action from one generation to others might be due to coupling or repulsion linkage. This may also be highly helpful to Spike length  I  ------II  ------III  ------IV  ------ V ------Cross I: DBW 14/HUW 468, II: DL788-2/PBW502, III: DBW14/HUW533, IV: GW273/ HUW 468, V: PBW502/HUW 533 *, ** Significant at 5% and 1% respectively .67* ± 9.14 -0.50 ± 2.31 33.00** ± 12.22
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